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ABSTRAC T
In this study, we have investigated the ability of insulin-like growth factor I (IGF-I) to inhibit HIV long ter-
minal repeat (LTR)-driven gene expression. Using C OS 7 cells cotransfected with tat and an HIV LTR linked
to a chloramphenicol acetyltransferase (C AT) reporter, we observed that physiological levels of IGF-I (10 2 9
M) significantly inhibited C AT expression in a concentration- and time-dependent manner. IGF-I did not in-
hibit C AT expression in C OS 7 cells transfected with pSVC AT, and did not affect C AT expression in the ab-
sence of cotransfection with tat. Transfection of HIV-1 proviral DNA into C OS 7 cells 6 IGF-I resulted in a
significant decrease (p , 0.05) in infectious virion production. Both IGF-I and Ro24-7429 inhibited LTR-dri-
ven C AT expression, while TNF- a -enhanced C AT expression was not affected by IGF-I. On the other hand,
a plasmid encoding parathyroid hormone-related peptide exhibited dramatic additivity of inhibition of C AT
expression in C OS 7 cells. Finally, we show that in Jurkat or U937 cells cotransfected with HIVLTRC AT/tat,
IGF-I significantly inhibited C AT expression. Further, interleukin 4 showed in U937 cells inhibition of C AT
expression that was not additive to IGF-I induced inhibition. Our data demonstrate that IGF-I can specifi-
cally inhibit HIVLTRC AT expression. This inhibition may occur at the level of the tat/TAR interaction. Fi-
nally, this IGF-I effect is seen in target cell lines and similar paths of inhibition may be involved in the vari-
ous cell types employed.
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INTRODUC TION
D ESPIT E IN TEN SIV E IN VESTIG ATIO N , much remains to belearned about the sequence of events leading to develop-
ment of the acquired immunodeficiency virus syndrome (AIDS)
following human immunodeficie ncy virus (HIV) infection. Of
utmost importance is an understanding of how HIV gene ex-
pression is controlled during the viral life cycle. In this regard,
the long terminal repeats (LTRs), present at either end of the
HIV genome, contain the essential cis-acting signals that spec-
ify the start site for RNA transcription and modulate the
amounts of HIV RNA synthesized. 1,2 HIV replication is criti-
cally dependent on two viral regulatory proteins, Tat and Rev,3
and Tat is required early in the viral life cycle to increase the
rate of transcription from the viral LTR.3
Growth hormone (GH) and insulin-like growth factor I (IGF-
I) have been shown to affect functional immune status4±6 and
lean body mass.7±12 In addition, our laboratory has demon-
strated that IGF-I can inhibit HIV replication. 13 Regarding this
latter effect of IGF-I on HIV replication, the mechanism has
not been elucidated. 13 In our continuing efforts to understand
this IGF-I-induced inhibition of HIV replication, we report
herein that IGF-I inhibition of HIV replication is related to 
IGF-I inhibition of LTR-directed gene expression. Using an
HIV LTR chloramphenico l acetyltransferase (CAT) reporter
(HIVLTRCAT), we show that IGF-I inhibited Tat-mediated
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HIVLTRCAT expression while having little effect on basal
(i.e., in the absence of Tat) CAT production. Other factors that
have known inhibitory sites regarding CAT expression have
been studied in combination with IGF-I to uncover the in-
hibitory site(s) for this hormone. We also show that IGF-I can
inhibit production of infectious HIV virions when COS 7 cells
are transfected with complete genomic proviral DNA. Further,
we have found that CAT expression is inhibited by IGF-I 
in traditional target cell lines (e.g., Jurkat cells, a T cell line,
and U937 cells, a promonocytic cell line) transfected with
HIVLTRCAT/tat.
MATERIALS AND M ETHODS
Cell culture
The cells employed in our transfection studies were COS 7
cells, Jurkat cells, and U937 cells. COS 7 cells were grown in
Dulbecco’ s modified Eagle’ s medium (DMEM) (containing
10% [v/v] fetal calf serum, penicillin [100 U/ml], streptomycin
[100 m g/ml], and 1% [w/v] L-glutam ine). Jurkat and U937 cells
were grown in RPMI 1640 (containing 10% [v/v] fetal calf
serum , penicillin [100 U/ml], streptomycin [100 m g/ml], gluta-
mine [2 mM], pyruvate [1 mM], and HEPES [10 mM]). Cells
were used for experiments when cell densities reached 1 3 106
cells/ml.
Materials
Functional studies of the HIV promoter have been conducted
primarily through experiments in which the HIV LTR has been
linked to a reporter gene, i.e., the bacterial cat gene.14 An
HIVLTRCAT construct and a pSV tat construct were kindly
provided by J. Hiscott (Lady Davis Institute, Montreal, Que-
bec, Canada). IGF-I was kindly supplied by Genentech (San
Francisco, CA).
Transfections
For COS 7 transfections, a standard calcium phosphate pre-
cipitation procedure was employed.14a In short, COS 7 cells
were plated in 10% (v/v) DMEM to yield approximately 30%
confluence after 24 hr. At this time, the medium was changed
to 1% (v/v) DMEM and incubated for 2 hr at 37°C. DNA was
adjusted to 15 m g/plate with calf thymus DNA prepared in
deionized water and 0.25 M CaCl2 in a volume of 0.5 ml. Air
was bubbled into 0.5 ml of 2 3 HEPES buffer (280 mM NaCl,
50 mM HEPES, and 1.5 mM Na2HPO4 ?  7H2O) while simul-
taneously, slowly dripping the DNA mixture into the HEPES
solution. Bubbling was continued until the solution was slightly
cloudy due to CaPO4±DNA precipitation. After allowing the
solution to sit at room temperature to achieve maximum pre-
cipitation, the DNA±HEPES solution was added to the plates
and incubated at 37°C for 4 hr. At this time, the plates were
washed twice with phosphate-buffered  saline (PBS)
(Ca2 1 /Mg2 1 free) and treated as required. For Jurkat cells, the
DEAE-dextran method was employed.15 Briefly, 6 3 106 to
10 3 106 cells per transfection were washed with Tris-buffered
saline (TS) containing 100 m g/ml each of CaCl2 and MgCl2,
resuspended in DNA (5±7 m g) in TS, Tris-EDTA (TE), and
DEAE-dextran (0.46 m M), and incubated for 90 min at 37°C.
Dimethylsulfox ide (DMSO; 10%, v/v) was added for 3 min,
immediately diluted with TS buffer, and centrifuged  at 1000 3
g. Cells were washed twice with PBS (Ca2 1 /Mg2 1 free), re-
suspended in appropriate  medium , and transferred to 25-cm 2
culture flasks. For U937 cells, an electropora tion method was
employed. Cells were transfected at a density of 2 3 107
cells/ml of Opti-MEM (GIBCO, Grand Island, NY) phenol
red-free, serum-redu ced (1%, v/v) medium. The appropriate
DNA (i.e., 10 m g) was added to the cell suspension and the
cells were aliquoted to 0.4-cm electrode gap Gene Pulser cu-
vettes (Bio-Rad, Hercules, CA). Cells were then pulsed at 950
m F and 250 mV using the Bio-Rad Gene Pulser II system with
capacitance  Extender II. After transfection , the cells were
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FIG. 1. The effect of anti-IGF-I receptor antibody ( a IR3) on the inhibition of HIV-1 production in chronically HIV-infected
U937 cells. U937 cells were . 95% positive for HIV. Culture medium reverse transcriptase activity in control U937 HIV-infected
cells was 385 3 10 2 3 cpm/50 m l of culture medium, whereas in the a IR3 control group the reverse transcriptase activity was
325 3 10 2 3 cpm/50 m l of culture medium. The data points represent the average percent inhibition after 24 hr of exposure to
IGF-I or to IGF-I plus a -IR3, 6 SEM. *p , 0.05: control versus IGF-I, IGF-I versus a -IR3, IGF-I versus IGF-I plus a -IR3; one-
way ANOVA; n 5 4 experim ents.
transferred to T-25 (25-cm 2 surface area) flasks containing
medium with 1% (v/v) fetal calf serum plus or minus the de-
sired modulator. In all COS 7 transfectio ns, a cytomegalo virus
(CMV) b -galactosida se was employed as an internal trans-
fection control.
CAT analysis
At varying times following transection, cells were harvested
and washed in 4°C PBS. Cells were then washed in TEN buffer
(40 mM Tris [pH 7.5], 1 mM EDTA [pH 8.0], 15 nM NaCl).
Cell lysates (i.e., the supernatants) were collected and analyzed
for [1,2-14C]chloramphenicol (ICN, Costa Mesa, CA) metabo-
lites. The samples were extracted with ethyl acetate spotted on
thin-layer chromatography (TLC) silica gel membranes (What-
man, Clifton, NJ) and run with a chloroform±methanol (95:5)
eluant. TLC autoradiograms were produced from the TLC mem-
branes following exposure to autoradiography film (Du Pont,
Wilmington, DE). When possible, all CAT assays with low
( , 1%) or high ( . 70%) acetylation were repeated with more or
less extract. The amount of protein and time of incubation at 37°C
were adjusted for degree of acetylation. Quantitation of different
acetylated metabolites of [14C]chloramphenicol was done using
phosphorimage analysis of the patterns produced after the TLC
was exposed to a Bio-Rad GS 250 screen BI for varying amounts
of time and visualized using the Bio-Rad GS-363 Molecular Im-
ager system. Analysis was performed using Bio-Rad Molecular
Analyst software (version 2.0.1).
Reverse transcriptase assay
Reverse transcriptase assays were carried out by a modifi-
cation of a previously published procedure. 3 ,16
Detection of p24 antigen by enzyme immunoassay
Virus production was monitored by detection of p24 core
antigen in cell-free culture supernatants, using an enzyme im-
munoassay (EIA) diagnostic kit (Abbott Laboratories, Missis-
sauga, Ontario, Canada).
Statistics
The statistical analyses employed herein include the two-
tailed t test and one-way analysis of variance (ANOVA). The
lowest level of significance was set at p , 0.05.
RESULTS
An initial series of experiments was performed that recon-
firmed that exposure to IGF-I caused a significant decrease in
culture medium reverse transcriptase (RT) activity produced by
chronically HIV-1-infected  U937 cells (i.e., with the laboratory
strain HIV-IIIB) (Fig. 1). Nearly 40% inhibition of medium RT
activity was seen after 24 hr of exposure to IGF-I (100 ng/ml)
(p , 0.05, one-way ANOVA, n 5 4). Further, the 40% inhibi-
tion of HIV replication by IGF-I was abrogated by a -IR3, a
specific antibody to the IGF-I receptor. 17 In addition, an anti-
IGF-I antibody blocked the IGF-I effect on HIV replication
(data not shown).
To gain some insight into the mechanism of action of IGF-
I on HIV replication, COS 7 cells were cotransfected for 4 hr
with HIVLTRCAT/tat (1 m g of each plasmid per milliliter)
made up to 10 m g/ml with carrier calf thymus DNA. After the
calcium phosphate±DNA mixture was removed, the cells were
treated with IGF-I in DMEM containing 1% (v/v) fetal calf
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FIG. 2. The effect of IGF-I on HIVLTR-driven CAT ex-
pression in COS 7 cells. Cells were transfected with HIVL-
TRCAT and pSV tat as described in Materials and Methods.
Chlorampheni col metabolism represents the sum of the 1-
acetyl and 3-acetyl metabolites generated as a percentage of
the total chloramphenico l spotted [see numbers in parentheses
above each lane in (A)]. Internal transfection controls using b -
galactosidase were determined for control and IGF-I treated
samples. The b -Gal-specific activities (e.g., D OD 3 10 2 3/20
min) for the HIVLTRCAT/tat control duplicates were 1.21 and
1.27; for the 10-ng IGF-I-treated duplicates they were 1.20 and
1.09; and for the 50-ng IGF-I-treated duplicates they were 0.83
and 0.41. (A) TLC chromatogram  depicting the [14C]chloram-
phenicol metabolites (samples in duplicate). Arrows indicate
the metabolite produced: U, unacetylated; 1, 1-acetyl metabo-
lite; 3, 3-acetyl metabolite. (B) The percent inhibition is plot-
ted versus treatment and was quantitated by phosphoimage
analysis of the spots generated. The colum ns represent an av-
erage of the two spots aligned directly above. Liquid scintilla-
tion counting of the spots produced identical patterns when
compared with the phosphoimage patterns. Data are presented
as means 6 SEM.
A
B
serum. After 48 hr, the monolayers were extracted and CAT
activity was determined. The data in Fig. 2A and B demonstrate
a concentration-dep endent inhibition of CAT activity by IGF-
I (77% inhibition at 10 ng/ml [1.3 nM] and 94% inhibition at
50 ng/ml [6.5 nM] IGF-I). A modest 29% inhibition of CAT
expression by a pharmacologic amount (i.e., 500 mU/ml) of in-
sulin has been seen (data not shown). In an earlier study,13 we
demonstrated that physiological concentrations of IGF-I18 (i.e.,
50±100 ng/ml) could inhibit HIV-1 replication in cord blood
mononuclear cells and chronically infected U937 cells. In this
study, we have shown that COS 7 cells cotransfected with the
HIV LTR linked to a cat reporter and tat express high levels
of CAT and that physiologic concentrations 18 of IGF-I signif-
icantly inhibit CAT expression (Fig. 3).
To determine if the effect of IGF-I was specific for the HIV
LTR promoter, we tested the effect of IGF-I on CAT activity
in COS 7 cells transfected with a pSVCAT construct. In Table
1, it can be seen that IGF-I had little effect on CAT activity
(i.e., 100 ng of IGF-I per milliliter resulted in an average CAT
activity of 105%) derived from cells transfected  with pSV-
CAT (p . 0.05, n 5 4). CAT expression,  however, in HIVL-
TRCAT/tat-transfec ted cells, was inhibited 48% at 50 ng of
IGF-I per milliliter (p , 0.05, n 5 4). The differences  seen in
the levels of inhibition of CAT expression (Fig. 2 versus Table
1) represent the inherent variability normally seen in both bi-
ological and transfection  studies. Further, transfection  with
HIVLTRCAT but no tat resulted in considerabl y reduced CAT
expression ( , 7% of HIVLTRCAT/tat expression)  that was
not affected by IGF-I (p . 0.05, n 5 4). Also, we have not
seen any effect of IGF-I on another promoter, using COS 7
cells transfected  with a plasm id containing a phosphogly cer-
ate kinase promoter linked to a luciferase reporter (data not
shown). In Fig. 4, it can be seen that the effect of IGF-I on
CAT activity was time dependent, demonstra ting a maximal
effect ( , 48% inhibition) by 48±72 hr and decreasing by 96
hr to no inhibition. In this latter type of experiment , the IGF-
I concentrati on employed was 100 ng/ml but no additional
IGF-I was added during the course of the experimen t. There-
fore, it is likely that the IGF-I in the medium  has been de-
pleted after 4 days into the experim ent. Based on 6-hr half-
life of IGF-I in the medium , less than 0.02 ng of IGF-I per
milliliter would be left in the medium after 72 hr. In fact, data
obtained when adding fresh IGF-I daily during the experim ent
shows that the inhibitory effect is maintained for more than 4
days (data not shown).
Transfection of COS 7 cells with a plasmid containing the
complete HIV proviral DNA (strain BH10), followed by the ad-
dition of IGF-I (50 ng/ml), resulted in 35% inhibition of infec-
tious viral particle production (Table 2; p , 0.001, n 5 4). This
is suggestive of IGF-I inhibiting HIV replication postintegra-
tion (i.e., provirus activation).
To characterize further this effect of IGF-I on HIV LTR-dri-
ven CAT expression, we employed the Roche Tat inhibitor
Ro24-7429 19 alone and in combination with IGF-I (Table 3).
The data in Table 3 show that the inhibition of CAT expres-
sion by IGF-I alone was , 40%, while the inhibition seen with
Ro24-7429 at 10 2 8 and 10 2 7 M was 55 and 63%, respectively.
IGF-I, in combination with 10 2 8 or 10 2 7 M Ro24-7429, in-
hibited CAT expression 57 and 55%, respectively. Since Ro24-
7429 is a specific Tat inhibitor 19 and there was no additive ef-
fect of the two inhibitors, it would suggest that IGF-I might
affect the Tat±TAR (trans-activation response element) com-
plex interaction or Tat interactions with other proteins. Tumor
necrosis factor a (10 ng/ml), which can enhance CAT expres-
sion, was not affected by IGF-I in this transfection system (data
not shown).
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FIG. 3. The effect of increasing concentrations of IGF-I on HIVLTRCAT expression in cotransfected COS 7 cells. Percent in-
hibition is plotted against increasing concentrations of IGF-I. Cells were transfected with tat and HIVLTRCAT and CAT activ-
ity was assayed 48 hr later as described in Materials and Methods. The data represent the average percent inhibition 6 SEM.*p ,
0.05: one-way ANOVA; n 5 3±5 experiments.
A parathyroid hormone-related  peptide (PTHRP) plasm id,
minus the signaling sequence, has been reported to share sim-
ilarities with the nuclear localization signal of Tat.20 Therefore,
we questioned whether PTHRP might affect Tat activation of
HIVLTRCAT by competing with Tat for nuclear entry, and
whether PTHRP could affect the inhibition of CAT expression
by IGF-I. This latter finding might indicate a site for IGF-I-in-
duced inhibition (i.e., competition at the level of nuclear entry).
The data in Table 4 indicate that PTHRP yielded 27% inhibi-
tion of CAT plus Tat expression when compared with controls
(i.e., CAT plus Tat with no PTHRP). IGF-I resulted in a 60%
decrease in CAT plus Tat expression. In combination, PTHRP
and IGF-I inhibited CAT expression 88%. This indicated an ad-
ditivity of effects that would suggest that IGF-I is not inhibit-
ing CAT expression at the level of Tat nuclear localization.
The observation that IGF-I can inhibit CAT expression and
HIV replication in COS 7 cells, a nontarget cell for HIV, led
us to investigate the effect of IGF-I in a T cell line (Jurkat) and
in the promonocytic cell line U937. Cotransfection of Jurkat
cells with HIVLTRCAT/tat, and subsequent exposure to IGF-
I (50 ng/ml), resulted in a significant inhibition of CAT ex-
pression, i.e., 63% (Table 5) (p , 0.05, n 5 10). In experiments
employing a Jurkat cell line stably transfected with tat, CAT
expression posttransfection with HIVLTRCAT was inhibited
32% by IGF-I (data not shown). Similarly, the effect of IGF-I
on CAT expression in cotransfected U937 cells (Table 5)
yielded a significant (i.e., 58%) inhibition of CAT expression
(p , 0.05, one-way ANOVA, n 5 7). Of considerable interest
is the fact that interleukin 4 (IL-4), the signaling pathway of
which is similar to that of IGF-I (i.e., via IRS-1 and IRS-2),21±24
also significantly inhibited CAT expression (p , 0.05, one-way
ANOVA, n 5 7). Further, the combination of IGF-I and IL-4
showed no significant additive inhibition (e.g., IGF-I versus IL-
4 plus IGF-I; IL-4 versus IGF-I plus IL-4; p . 0.05). The pre-
ceding inform ation supports the thesis that common pathways
are employed by both factors to inhibit HIVLTRCAT expres-
sion. The cell lines employed in this study all possessed IGF-I
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TA BL E 1. SPEC IFIC IT Y OF IGF-I EFFEC T ON CAT EXPRE SSIO Na
Chlorampheni col metabolism
Transfection conditions (units/mg protein/unit b -galactosidase)
Cat 1 IGF-1
tat promoter 2 IGF-I (100 ng/ml) Percentage of control
2 pSV 19,909 6  6,630 20,889 6  4,651b  105
1 HIV LTR 105,051 6  12,030 54,239 6  14,195 c 52
2 HIV LTR 7,458 6  1,885 7,091 6  1,122b 95
aCOS 7 cells were transfected as described in Materials and Methods. Analysis was perform ed on lysates obtained 48 hr 
posttransfection. Conversion of chloramphenico l to its respective metabolites ranged from 10 to 42%. All data are presented as
means 6 SEM.
bp . 0.05, no significant difference from control, two-tailed t test, n 5 4.
cp , 0.05, significant difference from control, two-tailed t test, n 5 4.
TABLE 2. EFFEC T O F IGF-I ON HIV-1 INFEC TIO US VIR IO N
PRO DUCTIO N BY TRAN SFEC TED COS 7 CELLS a
p24 antigen
Treatment (pg/ml)
Control 20,515 6  3,961b
1 IGF-I (50 ng/ml) 14,188 6  3,792b
aCells were transfected as described in Materials and 
Methods, with several changes. Complete viral genomic
DNA(BH10)±CaPO4 was left on the cells overnight before 
removal, follow ed by IGF-I addition, and virus production was
monitored after 4 days. Data are presented as means 6 SEM.
bp , 0.001, significant difference from control, two-tailed 
t test, n 5 4.
FIG. 4. The effect of time of exposure to IGF-I on HIVL-
TRCAT expression in COS 7 cells cotransfected with tat (pSV
tat). All conditions were as described in Materials and Meth-
ods. The IGF-I concentration was 100 ng/ml and time 0 refers
to IGF-I addition posttransfection. The data represent the aver-
age percent inhibition 6 SEM. *p , 0.05; one-way ANOVA;
n 5 3 or 4 experim ents.
receptors, as indicated by the amount of specific binding de-
termined for each cell line (Table 6). COS 7 and U937 cells
both had significantly higher IGF-I binding than did Jurkat cells
(p , 0.01, one-way ANOVA: COS 7, n 5 12; Jurkat, n 5 16;
U937, n 5 6).
DISC USSION
In this article, we have demonstrated clearly that IGF-I can
inhibit the functioning of the HIV LTR. Using a CAT-linked
reporter, we show that Tat-amplified HIVLTRCAT expression
is significantly inhibited in a concentration- and time-depen-
dent manner by physiological levels of IGF-I18 (Fig. 2A and B;
and Fig. 3). In addition, IGF-I did not affect the expression of
a pSVCAT-linked reporter at concentrations that affected
HIVLTRCAT expression (Table 1). This effect of IGF-I was
seen on the production of infectious virions by COS 7 cells
transfected with proviral HIV DNA (Table 2), which is sug-
gestive of IGF-I inhibiting HIV at a postintegration step. As a
further attempt to localize the site(s) of IGF-I inhibition, we in-
vestigated the importance of Tat in this IGF-I inhibitory effect.
Data obtained on the effect of IGF-I on CAT expression in the
absence of Tat amplification indicated that basal CAT expres-
sion in COS 7 cells was not affected by IGF-I (Table 1). Our
data with the specific Tat inhibitor Ro24-7429 19 and IGF-I in-
dicated that similar inhibitory paths are involved. On the other
hand, expression from a transfected plasmid of PTHRP, which
has a nuclear localization signal similar to that of Tat,20 showed
inhibition that was additive to that obtained with IGF-I alone
(Table 4). This would suggest that different inhibitory paths
were being employed.
The possibility that IGF-I can possibly interact with the
Tat±TAR complex or some protein affecting this complex is
not difficult to accept. Tat does not act alone. In addition to
binding the trans-action response element (TAR), Tat must in-
teract directly or indirectly with the transcription apparatus.
Several reports have indicated a role for upstream enhancers in
GERM INAR IO ET AL.834
TA BLE 3. EFFECT OF Tat IN HIB ITO R Ro 24-7429 IN COM BINA TIO N W ITH
IGF-I O N EXPRESSIO N OF CAT IN TRANSFEC TED COS 7 CEL LSa
Treatment Chloramphenicol metabolism
48 (hr) (units 3 10 2 3/mg protein/unit b -galactosidase)
Control 9811 6 1105
1 IGF-I (50 ng/ml) 6100 6  1093
1 10 2 8 M Ro24-7429 4423 6  885b
1 10 2 7 M Ro24-7429 3508 6  903b
IGF-I (50 ng/ml) 1 4246 6  911b
10 2 8 M Ro24-7429
IGF-I (50 ng/ml) 1 4512 6  755b
10 2 7 M Ro24-7429
aCells were transfected as described in Materials and Methods. Analysis of CAT
was performed on cell lysates 48 hr after transfection. Metabolic conversion of 
chloramphenico l to its respective metabolites ranged from 10 to 45%. Quantitation
was by phosphoimage analysis. Data are presented as means 6 SEM.
bSignificantly different from control; p , 0.05, one-way ANOVA.
TABLE 4. EFFEC T OF PARAT HYROID HORM O NE-RELA TE D PEP TID E IN COM BINA TIO N W ITH IGF-I 
O N Tat-MED IATE D trans-ACT IVAT ION OF HIVLTRCAT EX PRES SION IN COS 7 CEL LSa
Transfection Chloramphenic ol metabolism
conditions Treatment (units/mg protein/unit b -galactosidase)
Calf thymus DNA None 3,970 6  294
HIVLTRCAT/tat None 243,937 6  36,307
HIVLTRCAT/PTHRP None 5,542 6  1,593
HIVLTRCAT/tat 1 IGF-I (50 ng/ml) 99,541 6  15,082 b
HIVLTRCAT/tat/PTHRP None 117,516 6  26,897 b
HIVLTRCAT/tat/PTHRP 1 IGF-I (50 ng/ml) 41,634 6  5,035b
aAll conditions as in Materials and Methods. Briefly, COS 7 cells were transfected for 4 hr with HIVLTRCAT, tat, and/or
PTHRP. IGF-I was added after 4 hr and CAT activity was determined after 48 hr. Quantitation was by phosphoimage analysis.
Metabolic conversion of chloramphenicol to its respective metabolites ranged from 3 to 64%. All data are presented as 
means 6 SEM (n 5 2).
bSignificantly different from HIVLTRCAT/tat: p , 0.05, one-way ANOVA.
Tat trans-activation. 25±27 The HIV LTR contains an enhancer
region consisting of NF-k B and three Sp1-binding sites,26 ,27 al-
though a fourth Sp1 site has been identified. 28 Interestingly, 
different enhancer elements have different efficiencies in con-
ferring Tat responsiveness, with Sp1 sites being most effec-
tive.25,29 This is to be noted since the pSVCAT construct con-
tains an Sp1 site and is not affected by IGF-I (Table 1). This
does not necessarily exclude the involvement of the Sp1 sites
in the HIV LTR for several reasons: (1) the Sp1 sites in the
HIV LTR are not functionally equivalent; 30 (2) the architecture
of the Sp1 site in the pSVCAT construct is physically differ-
ent from that in the HIVLTRCAT construct; and (3) LTRs show
different effects with respect to enhancer activation, depending
on the cell type and differentiation state of the cell.31,32 This
could relate to the number of host cell factors that are involved
in Tat-mediated effects, e.g., it has been reported that human
chromosome 12 encodes a factor that can potentiate Tat trans-
activation in rodent cells.33 Further, a number of candidate cel-
lular proteins may play a role in Tat trans-activation. 2 All this
notwithstanding , one report has demonstrated that IGF-I can
disrupt Sp1 binding of the elastin gene in smooth muscle cells,
possibly through the modulation of the phosphorylation state of
the retinoblastom a gene product, RB.34 How the preceding re-
lates to the mechanism of Tat-mediated trans-activation, if at
all, supports the notion that the Tat±TAR interaction is com-
plex and controversial.
Few studies have investigated the effects of growth hormone
and/or IGF-I35 and insulin on HIV replication and HIV LTR-
directed gene expression. 3 In the first study, no effect of growth
hormone on HIV replication was observed, most likely owing
to undetectable amounts of IGF-I produced (M.E. Geffner, per-
sonal communication, 1997). In the second study, the investi-
gators used micromolar amounts of insulin, which represents
supraphysiologic concentrations that are not relevant in vivo.36
Further, no mention was made as to whether the results ob-
tained were corrected for protein content of the cell extract or
whether corrections were made for transfection efficiency. In
addition, the conditions employed differed considerably from
those used in this study. Finally, one report37 indicated that their
data did not reliably demonstrate IGF-I inhibition of HIV repli-
cation.13 In their study, similar protocols were employed; how-
ever, the conditions of infection, such as the multiplicity of in-
fection, virus preparations employed, infection procedures used,
and source of IGF-I, may be related to this apparent discrep-
ancy. However, our CAT expression data on the HIV LTR, re-
ported herein, support the observation that was made initially
by our laboratory, 13 showing that IGF-I inhibits HIV-1 repli-
cation.
Of considerable interest regarding the effect of IGF-I on
HIVLTRCAT expression is that these IGF-I inhibitory effects
have been observed in traditional target cell lines such as Jur-
kat and U937. These effects of IGF-I were seen at physiologi-
cal concentrations of IGF-I18 and further support the thesis that
this molecule is relevant in HIV replication. Also, we have seen
that IL-4 can inhibit HIVLTRCAT expression (Table 5) in
transfected U937 cells. This inhibition by IGF-I and IL-4 was
not additive (Table 5). We believe that these effects in target
cell types reflect the ability of IGF-I and IL-4 to share common
intracellular signaling pathways. 23,24 In an earlier report, we
had hypothesized that IGF-I might be affecting HIV replication
via the IL-4 pathway.13 Since the main signal transducer for IL-
4 is IRS-2, which is a major signal transducer for insulin/IGF-
I,21,24 IGF-I may affect the IRS-2 pathway and eventually HIV
LTR-driven gene expression. This should be fertile ground for
future investigation.
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TABLE 5. EFFEC T O F IGF-I ON CAT EXPRESSION
IN TRA NSFECTE D TARGE T CELLS a
Chlorampheni col metabolism
Treatment
(units 3 10 2 3/mg protein)
(48 hr) Jurkat cells U937 cells
Control 806.5 6  292b 842 6  120c
1 IGF-I (50 ng/ml) 302.0 6  100b 356 6  58c,d
1 IL-4 (10ng/ml) Not done 235 6  47c,d
IL-4 1  IGF-I Not done 55 6  40c,d
aJurkat and U937 cells were transfected as described in 
Materials and Methods. Analysis for CAT activity was per-
formed on cell lysates obtained 48 hr posttransfection. Chlo-
ramphenicol conversion to its respective metabolites ranged
from 14 to 64% for Jurkat cells and from 20 to 60% for U937
cells. All data are presented as means 6 SEM.
bp , 0.05; significant difference from control, two-tailed 
t test, n 5 10.
cp , 0.05; significant difference from control, one-way
ANOVA, n 5 7.
dIGF-I versus IL-4, IGF-I versus IL-4 plus IGF-I, IL-4 ver-
sus IGF-I plus IL-4, p . 0.05.
TABLE 6. SPECIFIC BIND ING OF 25I-LABELED
IGF-I BY COS 7, JURKAT , AN D U937 CELLS a
Specific IGF-I binding
Cell line (fmol/mg protein)
COS 7 5.6 6  0.8b,c (n 5  12)
Jurkat 2.04 6  0.3 (n 5  16)
U937 5.97 6  1.0b,c (n 5  6)
aIGF-I binding was determined on COS 7 confluent 
monolayers and on cell suspensions of Jurkat and U937 cells
at 2 3 106 cells/ml of Hanks’  balanced salt solution with 
25 mM HEPES buffer (pH 7.4) containing 0.2% bovine serum
albumin. Specific binding was determined by the difference 
between the total binding of 125-labeled IGF-I (0.4 ng/ml) and
the total binding of 125I-labeled IGF-I (0.4 ng/ml) in the 
presence of 300 ng of unlabeled IGF-I per milliliter (nonspe-
cific binding). The percent specific binding for each cell line
was as follows: COS 7, 39.6 6 2%; U937, 49 6 5.2%; and 
Jurkat, 30.5 6 3.2%. Different batches of labeled IGF-I were
prepared using chloramine T and had specific activities 
ranging from 160 to 196 m Ci/ m g. Samples were counted on an
LKB Compugamma at an efficiency of 63%. All data are 
presented as means 6 SEM (n 5 2).
bp , 0.01, significant difference from Jurkat cells.
cp . 0.05, no significant difference: COS 7 versus U937 cells.
AC KNOWLEDGM ENTS
This work was supported by grants from the NHRDP of
Canada to R.J.G., M.A.W., L.K., and E.F.
REFERENC ES
1. Garcia JA, Ou SH, Wu F, Lusis AJ, Sparkes RS, and Gaynor RB:
Cloning and chromosomal mapping of a HIV ª TATAº  element
modulatory factor. Proc Natl Acad Sci USA 1992;89:9372± 9376.
2. Antoni BA, Stein SB, And Rabson AB: Regulation of HIV infec-
tion: Implications for pathogenesis. Adv Virus Res 1994;43:53±145.
3. Frankel AD: Activation of HIV transcription by TAT. Curr Opin
Genet Dev 1993;2:293±298.
4. Kiess W and Butenandt OJ: Specific growth hormone receptors on
human peripheral mononuclear cells. Reexpression, identification
and characterization . J Clin Endocrinol Metab 1985;60:740±783.
5. Weigent DA, Baxter JB, Wear WE, Smith LR, Bost K, and Blalock
JE: Production of immunoreactiv e growth hormone by mononu-
clear leukocytes. FASEB J 1988;2:2812±2818.
6. Kelley KW: The role of growth hormone in the modulation of the
immune response. Ann NY Acad Sci 1990;594:95±103.
7. Jorgensen JO, Pedersen SA, Theusen L, Jorgensen J, Ingemann-
Hansen T, Skskkabaek NE, and Christiansen JS: Biological aspects
of growth hormone treatment with human growth hormone (GH)
on body composition and metabolism in GH deficient adults.
Lancet 1989;1:1221±1225.
8. Salomon F, Cuneo RC, Hesp R, and Sonksen PH: The effect of treat-
ment with hormone deficiency. N Engl J Med 1989;321:1797±1803.
9. Jorgensen JO, Pedersen SA, Theusen L, Jorgensen J, Moller J,
Muller J, Skakkabaek NE, and Christiansen JS: Longterm growth
hormone treatment in GH deficient adults. Acta Endocrinol 1991;
125:449±453.
10. Cuneo RC, Salomon F, McCauley GA, and Sonksen PH: Histol-
ogy of skeletal muscle in adults with GH deficiency: Comparison
with normal muscle and response to GH treatment. Clin Endocrinol
1992;37:387±397.
11. Rosen T, Bosaeus I, Tolli J, Lindstedt G, and Bengtsson BA: In-
creased body fat mass and decreased extra fluid volume in adults
and growth hormone deficiency. Clin Endocrinol 1993;38:63±71.
12. Bengtsson BA, Eden S, Lonn L, Kvist H, Stokland A, Lindstedt
G, Bosaeus I, Tolli J, Sjostrom L, and Isaksson OG: Treatment of
adults with growth hormone deficiency with rhGH. J Clin En-
docrinol Metab 1994;76:309±317.
13. Germinario RJ, Desantis T, and Wainberg MA: Insulin-like growth
factor I and insulin inhibit HIV type 1 replication in cultured cells.
AIDS Res Hum Retroviruses 1995;11:555±561.
14. Gorman C, Moffat L, and Howard BH: Recombinant genomes
which express chloramphenico l acetyltransfer ase in mammalian
cells. Mol Cell Biol 1982;2:1044±1053.
14a. Current Protocols in Molecular Biology, Supplement 36, section
9.1.4±9.1.11. John Wiley and Sons, New York, 1996.
15. Vaheri A and Pagano JS: Infectious poliovirus RNA: A sensitive
method of assay. Virology 1965;27:434±441.
16. Lee MH, Sano K, Morales FE, and Imagawa DT: Sensitive reverse
transcriptase assay to detect and quantitate human immunodefi-
ciency virus. J Clin Microbiol 1987;25:1717± 1721.
17. Geffner ME, Bersch N, Lippe BM, Rosenfeld RG, Hintz RL, and
Golde DW: Growth hormone mediates the growth of lymphoblast
cell lines via locally generated insulin-like growth factor-1. J Clin
Enocrinol Metab 1990;71:464±469.
18. Lieberman SA, Butterfield GE, Harrison D, and Hoffman AR: An-
abolic effects of recombinant IGF-I in cachectic patients with ac-
quired immunodeficie ncy syndrome. J Clin Endocrinol Metab
1994;78:404±410.
19. Biswas DK, Ahlers CH, Dezube BJ, and Pardee AB: Co-operative
inhibition of NF- k B and Tat-induced superactivation of HIV-1 long
terminal repeat. Proc Natl Acad Sci USA 1993;90:11044±11048.
20. Adachi Y, Copeland TD, Hatanaka M, and Oroszlan S: Nucleolar
targeting signal of Rex protein in human T-cell leukemia virus type
1 specifically binds to nucleolar shuttle protein B-23. J Biol Chem
1993;268:13930± 13934.
21. Wang LM, Keegan AD, Paul WE, Heidaran MA, Gutkind JS, and
Pierce JH: IL-4 activates a distinct signal transduction cascase from
IL-3 in factor dependent myeloid cells. EMBO J 1992;11:4899±4908.
22. Wang LM, Keegan AD, Li W, Lienhard GE, Pacini S, Gutkind JS,
Myers MG Jr, Sun X-J, White MF, Aaronson SA, Paul WE, and
Pierce JH: Common elements in IL-4 and insulin signalling path-
ways in factor dependent hematopoietic cells. Proc Natl Acad Sci
USA 1993;90:4032±4038.
23. Wang LK, Myers MG Jr, Sun X-J, Aaronson SA, and Pierce JH:
Expression of IRS-1 restores insulin and IL-4 mitogenesis in
hematopoietic cells. Science 1993;261:1591± 1594.
24. White MF and Kahn CR: The insulin signalling system. J Biol
Chem 1994;269:1±4.
25. Nabel G and Baltimore D: An inducible transcription factor activates
expression of HIV-1 in T cells. Nature (London) 1987;326:711± 713.
26. Jones KA, Luciw PA, and Duchange N: Structural arrangements
of transcriptional domains within the 5 9 U leader regions of the
HIV-1 and -2 promoters. Genes Dev 1988;2:1101±1114.
27. Gatignol A, Buckler-W hite A, Berkhout B, and Jeang KT: Char-
acterization of a human TAR RNA binding protein that activates
the HIV-1 LTR. Science 1991;251:1597± 1600.
28. Peeters A, Lambert PF, and Deacon NJ: A fourth Sp-1 site in the
human immunodeficie ncy virus long terminal repeat is essential
for negative sense transcription. J Virol 1996;70:6665± 6672.
29. Zimmermann K, Dobrovnik M, Ballum C, Bevec D, Hauber J, and
Bohnlein E: Transactivation of the HIV-1 LTR by the HIV-1 Tat
and HTLV-1 Tax proteins is mediated by different cis-acting se-
quences. Virology 1991;182:874± 878.
30. Jones KA, Kadonaga JT, Luciw PA, and Tjian R: Activation of
AIDS retrovirus promoter by the cellular transcription factor Sp-
1. Science 1986;232:755± 759.
31. Zeichner SL, Kim JYH, and Alwine JC: Linker scanning muta-
tional analysis of the transcriptional activity of the HIV long ter-
minal repeat. J Virol 1991;65:2436± 2444.
32. Zeichner SL, Hirka G, Andrews PW, and Alwine JC: Differentia-
tion dependent HIV long terminal repeat regulatory elements ac-
tive in human teratocarcinoma  cells. J Virol 1992;66:2268± 2273.
33. Newstein M, Stanbridge EJ, Casey G, and Shank PR: Human chro-
mosome 12 encodes a species-specif ic factor which increases hu-
man immunodeficie ncy virus type 1 Tat-mediated transactivation
in rodent cells. J Virol 1990;64:4565± 4567.
34. Jensen DE, Rich CB, Terpstra AJ, Farmer SR, and Foster JA: Tran-
scriptional regulation of the elastin gene by insulin-like growth fac-
tor-I involves disruption of Sp-1 binding. J Biol Chem 1995;
270:6555±6563.
35. Laurence J, Grimson B, and Gonenne A: Effect of recombinant hu-
man growth hormone on acute and chronic human immunodefi-
ciency virus in vitro . Blood 1992;79:467±472.
36. Spandidos DA, Zoumpourlis V, Kotsinas A, Tsiriyotis C, and Sak-
eris CE: Response of human immunodeficien cy virus long termi-
nal repeat to growth factors and hormones. Anticancer Res
1990;10:1241±1246.
37. Sharma UK, Song H, Casella SJ, and Schwartz DH: Failure of insulin-
like blood cells. AIDS Res Human Retroviruses 1997;13:105±109.
Address reprint requests to:
Ralph J. Germinario
Lady Davis Institute for Medical Research
Sir Mortimer B. Davis-Jewish General Hospital
3755 Côte Ste. Catherine Road
Montreal, Quebec, Canada H3T 1E2
GERM INAR IO ET AL.836
This article has been cited by:
1. L CONGOTE. 2005. Monitoring insulin-like growth factors in HIV infection and AIDS. Clinica
Chimica Acta 361:1-2, 30-53. [CrossRef]
2. Gerard Bain, Thomas Müller, Xin Wang, Jackie Papkoff. 2003. Activated #-catenin induces osteoblast
differentiation of C3H10T1/2 cells and participates in BMP2 mediated signal transduction. Biochemical
and Biophysical Research Communications 301:1, 84-91. [CrossRef]
3. Vladimir Zachar , Trine Fink , Uffe Koppelhus , Peter Ebbesen . 2002. Role of Placental Cytokines
in Transcriptional Modulation of HIV Type 1 in the Isolated Villous Trophoblast. AIDS Research and
Human Retroviruses 18:12, 839-847. [Abstract] [PDF] [PDF Plus]
